Results: Factor analysis revealed six factors as covariate of malnutrition; where two factors are socio-economical, others are biological and bio-social. Hence linear discriminant analysis is used to clarify the effi ciency of obtained factors in malnutrition scenario; which imply that the obtained factors are accurate for approximately 60 percent observations. Conclusion: The obtained results suggest that, consciousness should be raised to improve socio-economic and maternal health conditions to improve the scenario of child malnutrition.
INTRODUCTION
Malnutrition is described as a condition that results from taking an unbalanced diet in which certain nutrients are lacking, in excess (too high), or in the wrong proportions. Child nutrition status is an important indicator of poverty in a population; and poverty, malnutrition and disease are interlinked with each other. 1 Malnutrition is an underlying cause of the death of 2.6 million children each year-onethird of the global total of children's deaths. 2 Malnutrition is a signifi cant determinant of various types of morbidity; is associated with an increased risk of death from ARI (acute respiratory infection), diarrhoea, measles and few other infectious diseases. Sometimes, Malnutrition causes serious alternation in physical growth and mental development of children. 1 Previous studies have documented that severely malnourished children are at a much greater risk of dying than others. 3 However, increased risk of mortality had been observed too, for children at moderate level of malnutrition. 4 Considering the relative proportions of severe versus moderate malnutrition in populations, it showed that the majority of nutrition related deaths were signifi cantly associated with moderate level, rather than severe level. 4 To measure nutritional status, anthropometric measures as well as biomarkers are used. In practice, three standard indices of physical growth that describe the nutritional status of children are height-for-age (stunting); weight-forheight (wasting) and weight-for-age (underweight). Stunting is defi ned as a height-for-age measurement of below minus two-standard deviation of the median values compare to internationally based standard population, and is generally considered a marker of chronic malnutrition. 5 A weightfor-height indicator defi nes acute malnutrition, termed as wasting. Another composite form of malnutrition, known as underweight or under-nutrition is defi ned with a weight-for-age indicator. 5 All of these three indexes can be classifi ed as severe and moderate levels according to the cut-off points defi ned by WHO (World Health Organization).
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Determinants of child malnutrition in Bangladesh -A multivariate approach
Bangladesh, a developing country of Asia, also has notable child malnutrition circumstances. 6 Vast literature exists on determinants of child nutrition status for developing countries including Bangladesh. Different studies have showed that several factors like low dietary intake, low birth weight, family size, lack of parental education, breast feeding status, incidence of diarrhoea, previous birth interval, mother's body mass index (BMI), household economic status and delayed weaning are closely related to infant and child malnutrition. [7] [8] [9] [10] [11] The effect of sex and birth order of index child was a signifi cant determinant of malnutrition in previous research. 4 Socio-economic factors and diseases are also found to be signifi cant determinant of child nutrition. 12 Previous studies in Bangladesh have shown that malnutrition is a major risk factor for childhood mortality. 13, 14 Recent study reveals that malnutrition is higher in rural and hilly area compared to that of metropolitans and urban areas. 15 Gender inequality due to socio-economic structure was signifi cant differential of nutritional status of children in another study. 16 Few studies suggested that, antenatal care seeking behavior of mother and related knowledge of health care are important determinant of child nutrition status, especially for infants. 17 Most of the previous studies used regression models to identify the determinants associated with malnutrition. These regression models considered conventional dichotomous outcome variables for underweight, wasting and stunting. 10 In current study, we explored the underlying factors that determine the nutrition status using multivariate approach instead of usual regression analysis. 18 The benefi t is remarkable-no more multicollinearity problem or heteroscedasticity problem; which are common in case of any study involving socio-economical variables. From a set of possible explanatory variable, we are exploring the possible underlying factors; which are determining malnutrition most plausibly.
MATERIAL AND METHODS
The data utilized for this study is a secondary data extracted from the Bangladesh Demographic and Health Survey conducted in 2007 under the authority of the National Institute for population Research and Training (NIPORT) of the Ministry of Health and Family Welfare. 6 Stratifi ed Multi-stage Cluster Sampling design is used to collect data and BDHS-2007 includes 10996 women of child bearing age of all six divisions in the country. The last birth from the last three years prior to BDHS-2007 survey has been considered for this study. Covariates are chosen on the basis of chi-square tests and previous studies. In current study, mother's age at birth and BMI, birth order and sex of index child, mother's antenatal care (ANC) visit pattern and currently breastfeeding status, preceding birth interval and record of live births, mother's educational and employment status, father's educational level, residence (regional and urban/rural), wealth index and mass media exposure status are considered as explanatory variables.
In BDHS-2007, the prevalence of malnutrition is calculated according to the report of WHO working group. 5 Uses of Z-scores were recommended as it has some important advantages over other measures. 6 These Z-scores can be calculated on the basis of the proportion of individuals in the observed population whose index is below minus 2 standard deviation of the index for the WHO's reference population. Prevalence of malnutrition is thus classifi ed as severe and moderate if children with Z-scores below minus 3 standard deviations (-3SD) and children with Z-scores between minus 3 standard deviations (-3SD) and below minus 2 standard deviation (-2SD) from the median of the WHO's reference population respectively. 5, 6 So, the different categories among children in terms of nutrition status became: well-nourished (Z-scores ≥ -2SD), moderately malnourished (-3SD ≤ Z-scores < -2SD) and severely malnourished (Z-scores < -3SD). 5 To extract the signifi cant factors of nutritional status of under-fi ve children of Bangladesh, factor analysis had been used in this study based on principal components. A factor can be thought of as a theoretical measure representing a group of actual measures that correlate highly with one another and lowly with the others in a set. The loadings are the correlations between the actual measures and the theoretical measures or factors. A factor is identifi ed by an examination of the variables that load highly (that is, correlate highly) on it. Principal Component Analysis is used for extraction of factors and orthogonal rotation (varimax option) to derive non-correlated factors. 18, 19 Adequacy of factors was verifi ed by Kaiser-Meyer-Olkin (KMO) measurement of adequacy. 19 Factor loadings greater than 0.5 and cross-loading (loadings with negative value) less than -0.4 are taken into account to explain the relationship between the covariates and factors. 20 Proportion of variation explained by a factor is its eigenvalue divided by the sum of all eigenvalues. The factor analysis arranges the latent roots by diminishing order that facilitates identifi cation of the dominant structural factors. Besides Scree plot (Eigen plot); Kaiser Criterion (factor with eigenvalue greater than 1.0) is used for the choice of the number of factors in factor analysis. 20 Next, to check the validity of fi ndings from factor analysis discriminant analyses have been used for all the three indicators of nutritional status; i.e. which proportion of the observations are correctly classifi ed according to the factors obtained from individual factor analysis. 20 Linear Discriminant Analysis (LDA) is closely related to regression analysis, which also attempts to express one dependent variable as a linear combination of other features or measurements. For regression analysis, the dependent variable is a numerical quantity, whereas for LDA it is a categorical variable (i.e. the class label). 20 Another benefi t of using LDA is, it does not require the normality assumptions of usual regression techniques. Statistical analysis was performed using the SPSS (version 11.5) and R (2.15.1).
RESULTS
According to BDHS-2007, 17.4 percent of children are considered underweight for their height or wasted and 2.9 percent are severely wasted. 43.2 percent of children under age fi ve are considered short for their age or stunted while 16.1 percent are severely stunted. 41 percent of children are underweight (low weight-for-age), and 11.8 percent are severely underweight. 6 The distributions of Z-scores for all three nutrition indices are presented in the following fi gure (Figure 1 ).
Both socio-demographic and proximate covariates are possible determinant of nutritional status. As these variables are not of same types, the strength and direction of all covariates of nutritional status will not be same. In this context, our fi rst step is to search for signifi cant factors of nutritional status of under-fi ve children and the second step is to fi nd the direction of covariates from those dominant factors. Rotated component matrix obtained from factor analysis is presented in the following table (Table-1 ).
As the factors are obtained from several types of socioeconomical, biological and birth history variables, the obtained factors are quite theoretical in nature rather than practical to name. Total six factors have been revealed from the factor analysis, and they account for about 62% of the observed variation in the possible socio-economical/ health/biological variables determining malnutrition (see Table- 2).
A scree plot for all of the variables used in the study is showed in the following fi gure, i.e. the graphical spatial representation of derived factors for malnutrition. The parallel line to horizontal at Eigen value equaling to 1.0 in scree plot showed that the extracted six factors for nutritional status of the under-fi ve children for BDHS 2007 (Figure-2) .
The fi rst factor is highly correlated with educational level of parents, wealth index, mother's exposure level to mass media and number of antenatal visit conducted by mother prior to index birth. In this context, this factor can be named as 'consciousness factor'; clearly all of the high loadings were obtained for the conscience of parents for mother and newborn's health. Clearly, as the parents are higher educated, as much they are exposed to mass media, the likelihood of child malnutrition will be decrease in the inverse pattern of consciousness factor. The second factor can be named as 'birth history factor-1', as this factor has high loadings with mother's age at birth and birth order of index child. It should be mentioned that there are another obtained factor which also has high factor loadings birth history factors, that's why that factor is named as 'birth history factor-2' eventually. That is the last signifi cant factor having lowest eigenvalue and lowest explained variance among all factors. That factor has high loading with prior record of any live birth and gender of index child.
The signifi cant role of provincial and regional impact on nutritional status can be seen in current study. The third factor has high factor loading with division and cross loading to devote more time to each child in the early years, easing pressures on the family's fi nances and giving parents more time for activities other than child rearing. 9 Again, mother's BMI is predicted as an important determinant of child malnutrition. 8, 9 So, considering all the facts, this factor can be named as 'mother's health and breast feeding factor'. Linear Discriminant Analysis is used for studying the relationship between the obtained factors (in factor analysis) and child nutrition status. The factor scores obtained by the factor analysis for nutritional status were considered continuous independent variables, and three indicators of nutritional status is considered as dichotomous dependent variable. For all of these indexes, two groups had been considered for this analysis; either malnourished or wellnourished. The reason behind such groupings is to know the effi ciency of our fi ndings for malnourished children precisely and to avoid computational complexity along with explanation. According to the obtained factors in factor analysis; for height-for-age, weight-for-age and weight-for-height, 58.7 percents, 57.8 percents and 58.4 percents observations were appropriately classifi ed respectively. The results of linear discriminant analysis are summarized in the following Table-3. with place of residence (urban/rural). That's why it can be named as 'residence factor'. It is hard to name the fourth factor, as it has high loadings with mother's age at birth and employment status. Malnutrition decreases with the increase of mother's age and its lower for mother's having their birth after adolescence period. Again, the impact of employment remains; employed mothers can summarize information about food intake and nutrition status of children of other employed collogues which guide them to improve diet and nutrition status of thy children. 2 This factor may be named as 'mother's capability factor'; as it considers both social and physical capability of mother which decline malnutrition.
One of the most important biological factors has been obtained as the fi fth factor of nutritional status. This factor has high loadings with previous birth interval, mother's BMI and breast feeding status. All of the previous studies mentioned these variables as important determinant of child nutrition. It has been observed the likelihood of being malnourished is higher for those births having previous birth interval less than 24 months, breast feed less than 24 months. 2, 11 Longer birth intervals are also better for mother's health, longer intervals allow parents The dichotomous classifi cation for each of the indices is made according to report of WHO working group. 5 Prevalence of malnutrition is thus classifi ed as malnourished if children with Z-scores below minus 2 standard deviation (-2SD), else it has been classifi ed as well-nourished. For height-for-age z-scores, 54.5 percents of the nourished children are correctly classifi ed while for malnourished 64.8 percents of the malnourished children are correctly classified. In other words, sensitivity of discriminant function was 54.5 percents and the specificity was 64.8 percents in case of stunting. Next, for weight-forage; 53.4 percents of the nourished children are correctly classifi ed while for malnourished 63.5 percents of the malnourished children are correctly classifi ed. For wasting, sensitivity of discriminant function was 56.1 percents while specifi city was 68.8 percents.
DISCUSSION
The World Health Organization cites malnutrition as the greatest single threat to the world's public health. Improving nutrition is widely regarded as the most effective form of aid. So the studies of determinants of child malnutrition provide valuable suggestions to the health care providers and planners of public health sector of a country; especially for a country like Bangladesh where, 17 percent of underfi ve children are wasted, 43 percent of stunted and 41 percent of children are underweight. 6 Current study includes both socio-economic and biosocial variables. For statistical signifi cance, multivariate techniques have been applied in this study; as these methods can overcome the problems of usual regression analysis (in terms of multicollinearity and heteroscedasticity). Using factor analysis total six possible factors had been determined. They are named according to their loadings and cross-loadings from rotated component matrix. The fi rst factor is named as 'consciousness factor', next; 'birth history factor-1'; 'residence factor'; 'mother's capability factor', 'mother's health and breast feeding factor' and 'birth history factor-2' respectively according to amount of explained variation. These six factors explained 62 percent of total variation from a cluster of 15 independent variables. Next to verify the applicability of the obtained factors to current nutritional status of children of Bangladesh; Linear Discriminant Analyses are performed for all three indices. The nutritional indices are classifi ed into two groups, wellnourished and malnourished according to report of WHO working group. 5 For all of the three indices we fi nd that our obtained factors are explaining approximately 60 percent of the observations appropriately.
Though malnutrition is a health hazard for under-fi ve children, results from previous studies and current study it is clear that, pre-birth factors like mother's age at birth, preceding birth interval, adequate antenatal care of mother play vital role on infant physical condition and later on nutrition status. 4, 17 Special attention is needed on those sectors for healthy and well nourished infant. For safe motherhood and neonatal health, lengthy birth intervals are suggested in old studies; at least 4 antenatal care visits is required for both infant and mothers good. 1, 4, 10 It is an established fact that adolescent mothers are in higher risk for give birth of live births and severely ill birth. 4 Bigger family size that is population problem is also responsible for malnutrition, as higher parity causes giving birth of live births and malnourished birth, which is indicated by the correlation between birth order and malnutrition. 9 Another possible explanation is, it is diffi cult to maintain the proper health and dietary intake for a large family compare to that of small families. Prolonged breastfeeding is usually available in Bangladesh, but opposite one is also seen. 4 Practice of breastfeeding should be given priority and mothers should be notifi ed by health care providers to feed colostrums immediately after giving birth to the newborn, which is an immense nutrient shield for a newborn. Various frequent clusters are also present on nutrition status of children. In developing countries, regional variance is a common determinant of various public health indicators, current study also indicates the same. 2 The third factor was residence factor; rural children suffer more for under nutrition problem, similarly nutrition scenario is not same for all the divisions. Special campaign is needed for rural areas and certain districts for improving the scenario, rural mothers should be encouraged for seeking child care in government facilities and NGO's satellite clinic. 2, 4, 7 Another well differential can be seen according to wealth index; malnutrition ratios are less in rich families compared to poor families.
Despite of all determinants and differentials of malnutrition, consciousness plays the most important role. Almost all of the previous studies conclude about consciousness, as the main differential of child nutritional status. 11, 15 Education builds this consciousness among mothers, which increases the mothers and child health care seeking behavior. Mass media can play vital role on increasi ng education rate, which in result create consciousness among parents. Gendereffect is still present as determinant of child malnutrition (prevalence of malnutrition is higher in case of female child), which is not expected in twenty fi rst century. 4 Rise of women education is necessary in the way to overcome it. And fi nally, various effects of socio-economic burdens (like gender, religious factors) can be removed by proper use of huge mass media campaign to raise consciousness against malnutrition and its consequences.
